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Overview
For all heavier than air flying vehicles, induced drag is a significant
contribution to the total drag. Winglets are designed to reduce the
induced drag, which accounts for roughly 40% of the total drag
during cruise, and improve the aerodynamic efficiency of the
aircraft [1]. The most significant parameters to consider when
designing a winglet are the cant angle, the sweep angle, and the
winglet span [2]. Consequently, these same parameters were the
focus of this work. The objective of this study was to analyze an
adaptive winglet in order to find the optimal characteristics that
result in improved lift-to-drag ratios at all flight envelopes.

Fig. 1: Optimized blended winglet and
multi-winglet – Isometric View.

Explanation
Research has shown that multi-winglets are more efficient at cruise
conditions, whereas blended winglets perform better during take
off, landing, and climb [3]. Therefore, the investigated winglet
(Fig.1) was initially optimized as a single blended winglet for angles
of attack between 2-10 degrees, and then as a multi-winglet for
angles of attack between 0-2 degrees. A one-at-a-time sensitivity
analysis was performed (Fig.2). Tetrahedral meshing is used for
both the blended and multi-winglets designs, and the number of
elements was about 1.1 million for each case. All simulations were
conducted at a Reynolds number of 500,000 using Ansys Fluent
software tool.

Fig. 3: Blended Winglet cant angle
Optimization – Lift-to-drag ratio versus
angle of attack.

Fig. 2: One-at-a-time
sensitivity analysis.

Key Findings
Aerodynamic analysis of the blended winglet led to an optimized
cant angle of 40 degrees (Fig. 3), sweep angle of 55 degrees, and
winglet span of 0.14 m (Fig. 4). The cant angle of 35 degrees had
very similar performance to the cant angle of 40 degrees (Fig. 3).
However, a cant angle of 40 degrees was chosen as optimal
because it had lower drag. Next, from the six different multi-winglet
configurations tested, multi-winglet 2.3 (cant angles of 60, 40, 20
degrees) performed the best (Fig. 5). Compared to the optimized
blended winglet, the multi-winglet 2.3 had an improved lift-to-drag
ratio of 10.5% at an angle of attack of 2 degrees.

Fig. 4: Blended winglet span optimization - lift-todrag ratio versus angle of attack.

Impact
Developing an adaptive winglet that is optimized for all flight
phases is expected to allow for optimal aerodynamic performance
and lead to reduced fuel consumption and/or improved endurance.
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Fig. 5: Lift-to-drag ratio versus angle of attack for the
six multi-winglet configurations, the optimized
blended winglet, and the bare wing.
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